Introduction
Periodontitis is a chronic bacterial infection of tooth-supporting structures. It causes destruction of periodontal connective tissues and alveolar bone. The initiation and progression of the disease result from the host response to bacteria in biofilms. Previous studies have revealed many inflammatory immune cells infiltration, involving T cells, B cells and macrophages in periodontal legion [1] [2] [3] . Recently, a new type of T cell, Th17 cells, has been related with the pathogenesis of several inflammatory diseases [4] . Adibrad et al. recently demonstrated that a significant increase in the number of some specific markers of Th17 cells in patients suffering from periodontal disease in comparison with normal control subjects [5] . It is certain that Th17 could release high amount of IL-17A which is related to inflammatory bone resorption [6] , and IL-17A levels in inflamed periodontal tissues are higher than those in healthy control tissues [7] . CCL20 is a CC chemokine which is related to Th17 cells migration and accumulation in inflammatory lesions [8] . We previously reported that CCL20 is expressed in periodontally disease tissues, and human gingival fibroblast could produce CCL20 [9] . Therefore, we would like to find some factors which could inhibit CCL20 production in periodontal lesion to decrease Th17 cells accumulation.
Interleukin-6 (IL-6) is an important cytokine involved in a number of physiologic and pathologic processes including response to infection and development and progression of inflammation [10] . It is produced from a variety of cells, such as fibroblasts, osteoblasts and vascular endothelial cells in inflammatory tissues [11] [12] [13] . IL-6 levels in gingival crevicular fluid samples are significantly correlated with probing depth and bleeding indices and furthermore with sites which showed further attachment loss during periodontal therapy compared to healthy sites [14] . It is known that IL-6 is involved in bone destruction in inflammatory lesions to activate osteoclasts because IL-6 could induce RANKL expression in cells near osteoclasts [15] . Moreover, it is known that IL-6 is related to Th17 cells differentiation [16] . Therefore, we think IL-6 might be a therapeutic target of periodontal disease.
The fruit of Gardenia jasminoides Ellis is a medicinal herb that has been used for the treatment of inflammation, jaundice, and hepatic disorders. Genipin is the aglycon of geniposide found in gardenia fruit [17] . Genipin is a natural blue colorant in food industry. Genipin possesses a variety of pharmacological activities, such as hepatoprotective, and neurotrophic effects [18, 19] Recently, some researchers reported genpin has antiinflammatory effects. Nam et al. reported that genipin was effective at inhibiting LPS-induced nitric oxide (NO) release from cultured rat brain microglial cells [20] . Li et al. reported that genipin had anti-inflammatory effects in a model of LPS-induced acute systemic inflammation via downregulation of IL-1β and TNF-α productions [21] . However the effect of genipin on Th17 cells related proteins, such as CCL20 and IL-6, productions is unknown.
The aim of this study was to examine the effect of genipin on CCL20 and IL-6 productions from IL-1β-stimulated human periodontal ligament cells (HPDLCs) which is a major cell in periodontal tissues. Moreover, we investigated whether genipin treatment modified the activation of mitogen-activated protein kinases (MAPKs) and NF-κB pathways in IL-1β-stimulated HPDLCs.
Materials and Methods

Cell culture
Human periodontal ligament cells (HPDLCs) were obtained from TaKaRa Biotechnology Co., Ltd. (Otsu, Shiga, Japan) and grown in the Dulbecco's modified Eagle medium (DMEM: Sigma, St. Louis, MO, USA) supplemented with 10% fetal bovine serum (FBS: Gibco, Grand Island, NY, USA) and antibiotics (penicillin G: 100 units/ml, streptomycin: 100µg/ml) at 37 O C in humidified air with 5% CO 2 . Cells were used between passage numbers 5 and 10.
Shindo et al.: Genipin Inhibits IL-6 and CCL20 Productions
Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry
CCL20 and IL-6 production in HPDLCs
The HPDLCs were stimulated with recombinant human IL-1β (Peprotech, Rocky Hill, NJ, USA) for 24 hours. The supernatants from the HPDLCs were collected, and the CCL20 and IL-6 concentrations of the culture supernatants were measured in triplicate with ELISA. Duoset (R&D systems, Minneapolis, MN, USA) was used for the determination. All assays were performed according to the manufacturer's instructions, and cytokine levels were determined using the standard curve prepared for each assay. In selected experiments, the HPDLCs were cultured for 1 hour in the presence or absence of Genipin (3.125, 6.25, 12.5,or 25 µg/ml: Cayman Chemical, Ann Arbor, MI, USA) ,SB203580 (10 µM: Santa Cruz Biotechnology, Santa Cruz, CA, USA), PD98059 (10µM: Cayman Chemical), SP600125 (10µM: Enzo Life Sciences, Plymouth Meeting, PA, USA), or SC514 (10µM: Enzo Life Sciences) prior to their incubation with IL-1β.
Western blot analysis
To confirm the IL-1β-induced phosphorylation of signal transduction molecules, western blot analysis was performed. HPDLCs stimulated by IL-1β (10 ng/ml) with or without genipin (12.5 or 25 µg/ ml) pretreatment for 1 hour were washed once with cold PBS, before being incubated on ice for 30 min with cell lysis buffer (Cell signaling technology, Danvers, MA, USA) supplemented with protease inhibitors cocktail (Sigma). After removal of debris by centrifugation, the protein concentrations of the lysates were quantified with the Bradford protein assay using IgG as a standard. A 20 µg protein sample was loaded onto a 4-20% SDS-PAGE gel, before being electrotransfered to a PVDF membrane. The phosphorylation of NF-κB p65, p38 MAPK, ERK, JNK, and MEK or the degradation of IκB-α was assessed using phospho-NF-κB p65 rabbit monoclonal antibody (Cell signaling technology), phospho-p38 MAPK rabbit monoclonal antibody (Cell signaling technology), phospho-ERK rabbit monoclonal antibody (Cell signaling technology), phospho-JNK rabbit monoclonal antibody (Cell signaling Technology), phospho-MEK rabbit monoclonal antibody (Cell signaling Technology), NF-κB p65 rabbit monoclonal antibody (Cell signaling technology), p38 MAPK rabbit monoclonal antibody (Cell signaling technology), ERK rabbit monoclonal antibody (Cell signaling Technology), JNK rabbit monoclonal antibody (Cell Signaling Technology), MEK rabbit monoclonal antibody (Cell signaling technology), IκB-α mouse monoclonal antibody (Cell signaling antibody), or GAPDH rabbit monoclonal antibody (Cell signaling technology) according to the manufacturer's instructions. Protein bands were visualized by incubation with the HRP-conjugated secondary antibody (Sigma), followed by detection using the ECL system (GE Healthcare, Uppsala, Sweden). The quantitation of the chemiluminescent signal was analyzed using ImageJ (version 1.44).
Statistical analysis
Statistical significance was analyzed using the Student's t test. P values<0.05 were considered significant in Fig. 1 and 2 .
Results
The effect of IL-1β on CCL20 or IL-6 productions from HPDLCs. We first investigated whether IL-1β was able to induce CCL20 or IL-6 productions in HPDLCs because there is no report that explained whether IL-1β stimulation could induce CCL20 production in HPDLCs. As shown in Fig. 1 , IL-1β could increase both CCL20 and IL-6 productions in HPDLCs.
Effects of genipin on CCL20 and IL-6 productions in IL-1β-stimulated HPDLCs
To investigate the effects of genipin on IL-1β-induced CCL20 and IL-6 production, HPDLCs were pretreated with genipin at the indicated concentrations for 1 hour and stimulated with IL-1β for 24 hours. Treatment with 12.5 or 25 µg/ml of genipin significantly inhibited CCL20 production in IL-1β-stimulated HPDLCs (Fig. 1A) . IL-6 production from IL-1β-treated HPDLCs was decreased by 6.25, 12.5 or 25 mg/ml genipin pretreatment (Fig. 1B) .
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NF-κB and MAPKs pathways are related to CCL20 or IL-6 productions in IL-1β-stimulated HPDLCs
We previously reported that MAPKs and NF-κB pathways are involved in CCL20 or IL-6 productions in HGFs [22] . Therefore, we examined the effects of MAPKs and NF-κB inhibitors on CCL20 or IL-6 productions in IL-1β-stimulated HPDLCs. Fig. 2 shows that a p38 MAPK inhibitor (SB203580), an ERK inhibitor (PD98059), a JNK inhibitor (SP600125), or a NF-κB inhibitor (SC514) significantly suppressed CCL20 or IL-6 productions in IL-1β-stimulated HPDLCs.
Effects of genipin on NF-κB p65 phosphorylation and IκB-α degradation in IL-1β-stimulated HPDLCs
Next, we examined the effects of genipin on the NF-κB pathway activation in IL-1β-stimulated HPDLCs because it is reported that IL-1β could activate the NF-κB pathway in HPDLCs [23] . Fig. 3 shows that IL-1β stimulation induced NF-κB p65 phosphorylation and 
Effects of genipin on MAPKs activations in IL-1β-stimulated HPDLCs
Next, we examined the effects of genipin on MAPKs phosphorylation in IL-1β-stimulated HPDLCs because MAPKs inhibitor could suppress CCL20 and IL-6 production in Fig. 2. Fig.  4 shows that IL-1β stimulation induced the phosphorylations of p38 MAPK, ERK and JNK in HPDLCs. Genipin treatment apparently suppressed ERK phosphorylation in IL-1β-stimulated HPDLCs though p38 MAPK and JNK phosphorylations were not suppressed.
Effect of genipin treatment on MEK phosphorylation in IL-1β-treated HPDLCs
Finally, we investigated the MEK phosphorylation because MEK is the upstream kinase of ERK. Fig. 5 shows that genipin treatment apparently suppressed MEK phosphorylation in IL-1β-stimulated HPDLCs. Therefore, Fig. 4 and Fig. 5 explain that genipin could inhibit the MEK/ERK pathway in IL-1β-stimulated HPDLCs.
Discussion
In this study, we demonstrated, for the first time to our knowledge, that genipin could suppress CCL20 and IL-6 productions from IL-1β-stimulated HPDLCs. Some researchers demonstrated that genipin could inhibit inflammatory mediator productions from some kinds of cells. Nam et al. reported that genipin treatment inhibited IL-1β and TNF-α production from LPS-stimulated rat brain microglia cells [20] . Wang et al. reported that blue pigment derived from genipin could suppress TNF-α and IL-6 productions from LPS-stimulated RAW 264.7 murine macrophages cell line [24] . Hwa et al. reported that genipin could suppress VCAM-1 expression on TNF-α-stimulated human endothelial cells [25] . Their reports and our report revealed that genipin could inhibit some kinds of inflammatory factors, including cytokines and adhesion molecules, expressions in inflammatory lesions. We should examine the effects of genipin on various cells in periodontal tissues, such as gingival epithelial cells and gingival fibroblasts, because genipin could contact with these cells as well as HPDLCs when we apply genipin in periodontal pockets for treatment of periodontal disease.
Some researchers examined the effect of genipin on NF-κB activations because NF-κB is important for controlling the expression of many proinflammatory factors and has been recognized as an important drug target for the treatment of inflammatory diseases. Previous reports demonstrated that genipin treatment could inhibit NF-κB activation in LPS-stimulated cells [21, 24] . It is known that IL-1β stimulation could induce the NF-κB pathway activation in HPDLCs [23] . Therefore, we examined the effects of genipin on NF-κB p65 phosphorylation and IκB-α degradation to clarify the NF-κB activation. Our results demonstrated that genipin suppressed NF-κB p65 phosphorylation though did not change IκB-α degradation in IL-1β-stimulated HPDLCs. It is reported that apigenin, a flavonoid found in fruits and vegetables, did not change degradation of IκB-α in LPS-stimulated primary human monocytes. On the other hand, the same authors reported that apigenin suppressed NF-κB p65 phosphorylation in LPS-treated mouse macrophages [26] . Results of the report are similar with our results in this manuscript. 
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There are some reports that examined the effects of genipin on the phosphorylation of MAPKs. For example, genipin could enhance p38 MAPK and JNK phosphorylation, and induce apoptosis of breast cancer cells [27] . However, there were few reports that demonstrated the effect of genipin on activations of MAPKs in normal cells as far as we know. It is known that IL-1β could induce p38 MAPK, ERK, and JNK phosphorylations in HPDLCs [23] . Therefore, we investigated the effect of genipin on these 3 MAPKs pathways. We revealed that genipin treatment could inhibit the MEK/ERK pathway activation in IL-1β-stimulated HPDLCs. It is known that the MEK/ERK pathway activation is related to some inflammatory mediator expressions in HPDLCs [28, 29] . Therefore, we will examine the effects of genipin on ERK activation-related molecules except CCL20 and IL-6.
In summary, the current study demonstrates that genipin could suppress IL-1β-induced CCL20 and IL-6 production in HPDLCs. In addition, we revealed that genipin inhibited IL-1β-induced MEK/ERK pathway activation in HPDLCs. We think that the direct effects of genipin inhibit CCL20 and IL-6 production in IL-1β-stimulated HPDLCs in order to inhibit the phosphorylation of signal transduction molecules. These data provide a novel mechanism through which genipin could be used to provide periodontal benefits in periodontal disease.
